cal, and financial burden on the patient that could lead to a lawsuit.
Stones migrating to the common bile duct from the gallbladder often cause CBDS [15] . Prevalence of gallstones increases with age, and the same tendency is observed for CBDS [18] . According to World Population Prospects 2015 published by the United Nations [19] , an increase in the elderly population is expected worldwide. Furthermore, diagnostic modalities such as magnetic resonance cholangiopancreatography and endoscopic ultrasound (EUS) have been developed in recent years. Detection of asymptomatic CBDS by chance will increase in the future, and there will probably be more opportunities to consider endoscopic stone removal.
Because ERCP is a high-risk procedure, the indication for ERCP, especially in cases of asymptomatic CBDS, should be determined after careful consideration of the risks and benefits of the treatment. However, no reports are available on the risk of ERCP-related complications focusing on asymptomatic CBDS.
This study examined the incidence and severity of complications from ERCP for asymptomatic CBDS in patients with a naive papilla.
Patients and methods

Study design and patient selection
We conducted a retrospective study using propensity score analysis at 2 tertiary care centers, Kumamoto City Hospital and Saiseikai Kumamoto Hospital. The study was approved by the Institutional Review Boards of both institutions. Consent was obtained from all patients.
We included patients with CBDS who had naive papilla and normal upper gastrointestinal tract or Billroth I gastrectomy. They underwent therapeutic ERCP in our endoscopic unit between April 2014 and March 2016. Exclusion criteria were prior endoscopic sphincterotomy (EST) or endoscopic papillary balloon dilation (EPBD), prior to Billroth II or Roux-en-Y reconstruction, patients without EST or EPBD. Finally, 425 patients (67 patients with asymptomatic CBDS and 358 patients with symptomatic CBDS) were included in the study (▶ Fig. 1 ).
Endoscopists
ERCP procedures were performed by 15 endoscopists categorized as expert, intermediate, or trainees (6, 3, and 6 in each group, respectively). When performing the procedure, trainees were assisted by intermediate or expert endoscopists. Endoscopists were considered as expert if they could perform procedures equivalent to Grade 3 of the grading scale for difficulty of ERCP, based on the ERCP core curriculum published in 2016 [20] , without assistance; intermediate if they could perform procedures equivalent to Grade 2 without assistance; and trainees if they had performed fewer than 200 ERCP procedures, or could only perform procedures equivalent to Grade 1, with or without assistance.
Scopes and premedication
Side-viewing duodenoscopes (Olympus JF-260, TJF-260V; Olympus Medical Systems, Tokyo, Japan) were used for all patients. Midazolam and pethidine hydrochloride were injected intravenously for sedation. Scopolamine butylbromide or glucagon was injected intravenously for duodenal relaxation.
Study definitions
Asymptomatic CBDS and symptomatic CBDS Asymptomatic CBDS was defined as CBDS with the absence of symptoms and abnormal blood data associated with CBDS at the time of ERCP. Symptomatic CBDS included cases with cholangitis, obstructive jaundice, biliary pancreatitis, calculus impaction, and elevated liver tests.
Difficult deep cannulation
Patients who required more than 10 minutes for deep cannulation had a significantly higher risk of post-ERCP pancreatitis (PEP) [21] . We defined cases who required more than 10 minutes for deep cannulation as difficult deep cannulation and used 10 minutes as the cutoff for deep cannulation time.
Complications of ERCP
Complications of ERCP were defined as any adverse events occurring after the ERCP procedure that required more than 1 night of hospitalization. Complications were defined and graded based on consensus criteria. PEP, hemorrhage, and perforation were defined and graded on the basis of consensus criteria by Cotton et al. [11] . To define and grade cholangitis, we used the Tokyo Guidelines for management of acute cholangitis and cholecystitis published in 2013 (TG2013) [22] .
Detailed definitions for complications are shown in ▶ Table 1 , and those for severity of complications are given in ▶ Table 2 .
Total cases with common bile duct stones (n = 682)
Patients finally included (n = 425) ▶ PaO2/FiO2 ratio < 300 4. Renal dysfunction: Oliguria or serum creatinine > 2.0 mg/dL 5. Hepatic dysfunction:
PT-INR > 1.5 6. Hematological dysfunction:
Platelet count < 100,000/mm
Outcome
The primary outcome was incidence of ERCP-related complications in patients with asymptomatic CBDS. The secondary outcome was the severity of ERCP-related complications in these patients.
Statistical analysis
Associations between complications (with/without) and risk factors were assessed using chi-square and Fisher's exact tests for univariate analysis as well as logistic regression for multivariable analysis. Risk factors with P values less than 0.1 in the univariate analysis were used in the multivariable analysis. Similar univariate analysis was performed to examine associations between symptom status (asymptomatic/symptomatic) and risk factors. Risk factors that were associated with both complications (with/without) and symptom status (asymptomatic/symptomatic) in univariate analysis were considered to be potential confounders (shown as confounding factor group A). In addition, risk factors known to be confounders in previous reports were identified as additional potential confounders (shown as confounding factor group B). Before testing an effect of symptom status on complications, we converted these two sets of confounding factors into propensity scores based on logistic regression, and an adjusted odds ratio was obtained to represent the effects of symptoms on complications.
A P value < 0.05 was considered as indicating statistical significance. All statistical analyses were performed with JMP ® Pro 12 (SAS Institute, Cary, NC, USA).
Results
Indications for ERCP
The indications for ERCP were asymptomatic CBDS in 67 patients (15.8 %), cholangitis in 203 (47.8 %), obstructive jaundice by CBDS in 41 (9.6 %), biliary pancreatitis in 54 (12.7 %), calculus impaction in 14 (3.3 %), and elevated liver tests without jaundice in 46 (10.8 %).
Patient demographics and characteristics in symptomatic and asymptomatic CBDS group
The participants of this study were 425 patients (201 women and 224 men), with the mean age of 74.6 ± 14.0 years. Details of patient demographics and characteristics in symptomatic and asymptomatic CBDS patients are described in ▶ Table 3 . Endoscopic large balloon dilation (EPLBD) included EPBD because only two patients (one with symptomatic CBDS and the other with asymptomatic CBDS) underwent EPLBD. Regarding devices used for stone removal, the 82 cases that underwent single-stage stone removal with EST or EPBD were shown. Four factors were significant in univariate analysis: serum bilirubin, antibiotics, deep cannulation time, and biliary stent placement. Other factors were not significant.
Modality for diagnosis of asymptomatic CBDS
Asymptomatic CBDS was diagnosed using imaging (ultrasound [US] and/or EUS and/or computed tomography (CT) and/or magnetic resonance imaging [MRI]) or dilated common bile duct. Of 67 asymptomatic CBDS, 65 were diagnosed on the basis of the presence of CBDS using imaging: 6 cases were found using US, 1 case using EUS, 21 cases using CT, 14 cases using MRI, and 23 cases using more than 2 modalities. Two cases were diagnosed on the basis of dilated bile duct.
ERCP procedures
All patients received therapeutic ERCP for CBDS. Of the 425 patients, 413 (97.2 %) underwent successful deep cannulation. Of 358 patients with symptomatic CBDS, 10 (2.8 %) did not undergo successful deep cannulation. Of 67 patients with asymptomatic CBDS, 2 (3.0 %) did not undergo successful deep cannulation. EST was performed in 345 patients (81.2 %), EPBD in 41 (9.6 %) (EPBD without EST in 39 and EPLBD with EST in 2), and precut sphincterotomy in 27 (6.4 %). Pancreatic stents were placed significantly more in cases of difficult deep cannulation (rates of pancreatic stent placement: deep cannulation time, ≤ 10 minutes, 23/275(8.4 %) vs. deep cannulation time, > 10 minutes, 43/150 (28.7 %); P < 0.0001).
Percentage of CBDS actually found
Of 67 asymptomatic CBDS diagnosed before performing ERCP, 56 (83.6 %) were actually detected using ERCP.
Incidence rates and severity of ERCP-related complications
Of 425 patients, 32 (7.5 %) suffered a complication, including pancreatitis in 19 patients (4.5 %), cholangitis in 5 (1.2 %), perforation in 2 (0.47 %), and hemorrhage in 6 (1.4 %). Complications were mild in 11 cases (34.4 %) and moderate or severe in 21 cases (65.6 %). All patients with ERCP-related complications were treated successfully without surgery. Of 358 patients with symptomatic CBDS, 14 (3.3 %) had complications, whereas 18 of 67 patients with asymptomatic CBDS (26.9 %) had complications. Univariate analyses showed that the rate of complications was significantly higher in patients with asymptomatic CBDS than in patients with symptomatic CBDS (26.9 %, 18 of 67, vs. 3.9 %, 14 of 358; odds ratio, 9.0; 95 % confidence interval (CI), 4.2 -19.3; P < 0.0001) (▶ Table 4 ). Of 18 ERCP-related complications in patients with asymptomatic CBDS, 3 were mild and 15 were moderate or severe. Of 14 ERCP-related complications in patients with symptomatic CBDS, 8 were mild and 6 were moderate or severe. Moderate or severe complications were significantly more frequent in patients with asymptomatic CBDS than in patients with symptomatic CBDS (83.3 %, 15 of 18, vs. 42.9 %, 6 of 14; odds ratio, 6.7; 95 % CI, 1.3 -34.0; P = 0.027) (▶ Table 5 ). 
Types of ERCP-related complications
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▶
Risk factors for ERCP-related complications
Results of univariate and multivariable analyses of risk factors for complications are presented in ▶ Table 7 and ▶ Results of propensity score analysis CBDS status was significantly associated with ERCP-related complications after adjustment for confounding factors. Specifically, odds for complications were 5.3 times higher in patients with asymptomatic CBDS than in patients with symptomatic CBDS (▶ Table 9 ).
Discussion
The aim of the current study was to examine incidence and severity of complications from ERCP for asymptomatic CBDS. Because this was a retrospective study, confounding factors were adjusted by propensity scores. The results showed that asymptomatic CBDS was the most significant factor associated with ERCP-related complications, and that the rates of moderate to severe complications were significantly higher in patients with asymptomatic CBDS than in patients with symptomatic CBDS. A previous study showed that ERCP complications were mostly associated with therapeutic ERCP [3] . In a prospective cohort study, the incidence of complications of therapeutic ERCP was 9.8 %, with a 5.4 % incidence of pancreatitis [2] . Several reports describe the overall incidence rates of complications in patients with CBDS. However, there are no published data regarding risk of complications from ERCP for asymptomatic CBDS. In the current study, overall incidence of complications from ERCP for CBDS was 7.5 %, which is comparable to rates found in earlier studies [2, 8] .
The most common complication of ERCP for asymptomatic CBDS was PEP. Although the mechanism of PEP has not been clearly elucidated, it is thought to involve congestion of pancreatic juice caused by edema of the papilla associated with cannulation, as well as conversion of trypsinogen to trypsin in pancreatic acinar cells and activation of neutrophils [23] .
In the asymptomatic CBDS group, the rate of difficult deep cannulation was significantly higher than in the symptomatic CBDS group. Small papillary orifice is a factor related to difficult biliary cannulation [24] . In asymptomatic CBDS, small papillary orifice might be more than symptomatic CBDS because of low bile duct pressure owing to the absence of cholestasis compared with symptomatic CBDS. This may be a reason for the increased difficult deep cannulation rate in the asymptomatic group. Because of the increase in difficult deep cannulation in asymptomatic CBDS, edema of the papilla associated with cannulation, leading to the blockage of pancreatic juice flow, and its subsequent activation of trypsin and neutrophils may more likely occur in asymptomatic CBDS.
Although cholangitis and perforation were significantly more common in patients with asymptomatic CBDS than in patients with symptomatic CBDS, the analysis of the results is problematic since there were few patients suffering from these complications. Cholangitis was more common in patients with asymptomatic CBDS; this might be related to the fact that many patients were not administered prophylactic antimicrobials.
In an earlier report, complications associated with EST were mild in approximately 40 % of patients and moderate to severe in 60 % of patients [2] . We observed moderate to severe complications in 21 of 32 patients (65.6 %). Moderate to severe complications occurred in 6 of 14 patients with symptomatic CBDS (42.9 %) and in 15 of 18 patients with asymptomatic CBDS (83.3 %). The authors suggested that ERCP for asymptomatic CBDS is associated with a higher incidence of complications, with more moderate to severe complications than in symptomatic CBDS.
Prevalence of CBDS varies according to report, and prevalence of CBDS in patients with symptomatic gallstones was reported to be 3.4 % to 27 % [18, 25 -27] . The natural history of ▶ CBDS is not well known, but it was reported that in one-third of patients with CBDS the stones passed spontaneously within 6 weeks of laparoscopic cholecystectomy [25] . However, CBDS can result in complications such as pain, cholangitis, and pancreatitis, which are often serious. A study in which patients with gallstones underwent follow-up observation for 10 years described that approximately one-fourth of patients had CBDS-related events, such as pain, jaundice, and cholangitis [18] . Therefore, whenever CBDS is detected, even when asymptomatic, endoscopic treatment is recommended in the guidelines of various countries [15, 16] , including Japan [17] . Laparoscopic CBD exploration (LCBDE) is another option for treatment for CBDS. Previous studies showed that LCBDE is as safe and effective as endoscopic stone removal, with nearly the same rates of complications [28] . However, LCBDE has not been widely used given the lack of equipment and advanced skills required to perform the procedure [16, 29] . Furthermore, surgical management is more invasive than endoscopic treatment in patients with CBDS, particularly asymptomatic CBDS. Therefore, the use of LCBDE is limited to cases of unavailability or failure of ERCP [29] . It would be difficult to accept LCBDE as an alternative to ERCP in asymptomatic CBDS.
We found a high risk of complications arising from ERCP for asymptomatic CBDS, with more moderate to severe complications in this group of patients. Complications have been reported to be more severe in elderly patients undergoing endoscopic stone removal [30] . Asymptomatic CBDS should be carefully treated by ERCP after considering the patient's background, particularly for elderly patients. As evidence-based clinical practice guidelines for cholelithiasis 2016 [17] have mentioned, in asymptomatic CBDS, follow-up observation may be done for some patients with advanced age, poor activities of daily living, or serious coexisting illness.
The current study has several limitations. First, although the propensity score analysis was used to adjust for potential confounding effects, some unmeasured residual confounding effects may not have been excluded in our analyses. Second, the sizes of the samples obtained from the 2 institutions were different: 102 patients from Kumamoto City Hospital and 323 patients from Saiseikai Kumamoto Hospital. Still, visual inspection indicated that the data from both institutions seemed to be similar in key risk factors for complications.
Conclusion
In conclusion, we examined incidence rates and severity of complications of ERCP for asymptomatic CBDS by propensity score analysis. We found that asymptomatic CBDS was a significant risk factor for ERCP-related complications. In patients with asymptomatic CBDS, the rates of complications were significantly higher, and there were significantly more moderate to severe complications compared with patients with symptomatic CBDS. When performing ERCP for asymptomatic CBDS, endoscopists should thoroughly explain in advance its possible ▶ complications to patients. In asymptomatic CBDS, particularly for elderly patients, endoscopic treatment should be carefully performed after considering the patient's background.
